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論文内容要約 
The infrared (IR) thermal imaging devices have been widely used in non-contact and non-destructive inspection methods in 
monitoring, security and medical fields, receiving increasing attention over the past few decades. IR detectors can be broadly 
divided into photon detectors and thermal detectors. Photon detectors show excellent performance with fast response and high 
sensitivity, while thermal detectors provide relatively lower properties. Photon detectors required cryogenic cooling, which 
makes the detectors bulky, heavy and expensive. Therefore, photon detectors are normally used in expensive weapon platforms, 
astronomical observation instruments, or special medical instruments, where the performance is the primary issue. On the other 
hand, the thermal detectors provide another opportunity for IR detection in commercial applications due to their smaller size, 
less power consumption and less expensive, making these the ideal choices for low-end applications like home security, fire 
detection and human activity monitoring and so on. Recently, the development of the low-cost thermal imaging device has 
attracted extensive concern. 
A thermal detector can be simply represented by a thermal capacitance coupled through thermal conductance to a heat sink. 
The advances in microelectromechanical systems (MEMS) technology allow fabricating thermal detector on thermally isolated 
microstructures, which is potential to achieve radiation limit of the thermal detector, obtaining many achievements. 
Microbolometer and micro-cantilever array are the two typical representatives among the MEMS thermal detectors. For 
development a high sensitive thermal detector using MEMS technology, the key factor is to develop a high temperature 
sensitivity material which is compatible with the silicon process. Many materials have been extensively studied for the purpose, 
such as vanadium oxide (VOx), amorphous silicon (α-Si), polycrystalline silicon-germanium (Si-Ge) and yttrium barium 
copper oxide (YBaCuO). However, special treatments are required for them, which make the fabrication process complex and 
increase the cost consequently. 
In the present dissertation, temperature dependent luminescence from Eu(TTA)3 phosphor was proposed to convert the 
incident IR into visible light. Upon the illumination of ultraviolet (UV) light centered at 355 nm, Eu(TTA)3 emits red 
luminescence, of which the intensity decreases with increasing temperature. Hence, the temperature variation in the 
observation scene can be converted into the luminescence distribution, which can be easily captured and digitized by a normal 
charge coupled device (CCD) camera. Based on the working principle, an optical readout method is employed to convey the 
temperature information. It is beneficial to increase the thermal isolation to radiation limit since no electrical interconnects 
between each pixel are needed for the optical readout technique. Besides, the fabrication complexity can be dramatically 
reduced using optical readout and the cost can be cut down as well. Such an optical readable thermal imaging device is a viable 
technique for low-cost and low-end thermal imaging applications such as firefighting, person counting and tracking, 
automotive night-version and surveillance. 
Eu(TTA)3-based temperature sensitive paint (TSP) has been widely used for surface temperature measurement by coating it 
on the surface of interest for decades. The temperature distribution of the surface can be presented by the luminescence 
intensity variation of the Eu(TTA)3 which is embedded in the paint. It is noted that temperature measurement using TSP is a 
kind of contact monitoring method. In Chapter 2, an Eu(TTA)3-based TSP solution consisting of 3.56 wt% Eu(TTA)3, 9.70 
wt% polyvinylbutyral (PVB) and 86.74 wt% methylethylketone (MEK) was employed to spin-coat a temperature sensitivity 
medium film. To verify the valid of TSP film converting incident IR radiation into visible light, a self-suspended infrared 
thermal detector array was designed and fabricated. The detector consists of a porous chromium layer as the IR absorber, an 
aluminum film as the reflector, a TSP layer as the temperature sensitive medium, a parylene layer as the protection layer and a 
SU-8 layer as the isolation post. The multilayers of TSP/parylene were successfully patterned by oxygen reactive ion etching 
(RIE), which is widely used for polymer etching and organic residuals removing in MEMS industry. Porous chromium with an 
average IR absorption of 91% in the band range of 5 - 10 μm was selected as the IR absorber. A sacrificial etching of 
germanium was employed to make the self-suspended structures. The residual stress in the thin films resulted in some bendings 
among the pixels. The temperature coefficient of the luminescence from the Eu(TTA)3-based TSP was measured as −1.55%/oC. 
To implement the thermal imaging, an electrical heater coated with blackbody paint was used as the thermal source. The 
fabricated detector array was encapsulated into a vacuum chamber to reduce the heat loss through air, of which the pressure 
was controlled at 1 × 10−3 Torr. A germanium IR lens with a focal number of 1.32 was used to focus the incident IR to the 
detector array. The distance from thermal object to the focal plane of the IR lens and that from the focal plane of the lens to the 
detector array were 70 mm and 39 mm, respectively. A theoretical thermal transfer model was established to estimate the 
temperature rise of the TSP induced by the incident IR, which was consistent with the experimental results. To obtain a pure 
luminescence image induced by incident IR, a background image without IR stimulus was precaptured, and then it was 
subtracted from an image with IR stimulus. The pure luminescence image was then divided by the background image to get a 
thermal image. Finally, the thermal image was processed into the temperature rise of the pixel. A thermal image of a 375oC 
object was successfully obtained using an f/1.32 IR lens with a response time of 0.3 s. The noise analysis shows a noise 
equivalent temperature difference (NETD) of 4.2 K was obtained, which is larger than the estimated value because of the fact 
that some pixels touched the substrate. The thermal imaging results proved that the TSP can be used for IR-to-visible 
conversion and used as the temperature medium for a thermal imaging device. With proper improvement of the detector 
configuration and fabrication, it is possible to obtain a better performance using the self-suspended detector array. However, the 
process incompatibility of TSP was also observed during the fabrication process. TSP was found to be fragile to the chemical 
corrosion, temperature decomposition and plasma damage. The damaged TSP suffered from the degradation of the 
luminescence, which reduces the performance of the device. Therefore, the fabrication process should be carried out carefully 
to prevent the degradation to the TSP. 
To obtain damage-free TSP, a vacuum evaporation technique was proposed to deposit an Eu(TTA)3 film after any plasma 
process in Chapter 3. A standard bell-jar system was utilized for the phosphor evaporation. No shift on main absorption peak of 
355 nm was observed in UV-visible-near IR (NIR) spectra between vacuum evaporated Eu(TTA)3 film and spin-coated one, 
which means there is no thermal decomposition during the evaporation process. The temperature coefficient of the 
luminescence intensity from vacuum evaporated Eu(TTA)3 film was measured as −2.1%/oC, which is equivalent to that of a 
conventional temperature sensitive material such as VOx used in a bolometer. A free-hanging detector array was fabricated with 
the surface and bulk micromachining techniques. The detector consists of a porous chromium layer as the IR absorber, an 
aluminum film as the reflector, an SU-8 layer as the structural frame and heat sink, a vacuum evaporated Eu(TTA)3 film as the 
temperature sensitive medium and a parylene layer as the barrier layer. A detector array with 76 × 98 pixels with a pitch of 180 
μm (H) × 140 μm (V) was successfully fabricated without any visible deformation. To further reduce the effect of heat 
conductance through air, the fabricated detector array was housed in a high vacuum chamber, in which the pressure was kept at 
1.7 × 10−4 Torr. The distance from thermal object to the focal plane of the IR lens and that from the focal plane of the lens to the 
detector array were 180 mm and 29 mm, respectively. The thermal images of a heated thermal source at different temperatures 
were successfully obtained using an f/1.32 IR lens. A spatial resolution of about 1.1 mm (H) × 0.9 mm (V) and the minimal 
detectable temperature of about 75oC were confirmed. The response time was measured as 0.2 s. To further improve the 
optical imaging system by replacing the f/1.32 IR lens to an f/0.66 IR lens, the thermal images of a stationary hand and a 
person wearing sunglasses were successfully obtained, and the experimental data was well consistent with the theoretical 
estimation. It suggests that the fabricated thermal detector using Eu(TTA)3 phosphor can be used for real-time room 
temperature object detection. Such a simple detector design shows a promising possibility for the low-cost thermal detector, 
which is capable for low-end applications. 
To further improve the sensitivity of the thermal imaging device which using TSP as the temperature sensitive medium, not 
only the optimization of detector configuration, but also the improvement of temperature sensitivity of the TSP is highly 
required. Based on the photophysical processes of Eu(TTA)3 undergoing after excitation, the temperature sensitivity is ascribed 
to the thermal quenching of the phosphor, which is resulting from the external conversion of the energy levels of 5D0 and 5D1 of 
europium. This kind of deactivation was known to be greatly affected by the environment like solutes. So in Chapter 4, to 
validate the effects of polymer binder, Eu(TTA)3 concentration, film thickness, pressure and photodegradation on the 
temperature sensitivity of TSP, 10 different TSPs using two different polymer binders (PVB and PSAMS) were made and 
tested. The experimental results reveal that Eu(TTA)3 mixed with PVB shows higher quantum efficiency but lower 
temperature sensitivity, while Eu(TTA)3 mixed with PSAMS shows lower quantum efficiency but higher temperature 
sensitivity, which is due to the fact of different couplings of the electronic energy to the binder matrix. A concentration 
quenching phenomenon was also observed by the monotonicity relationship between the concentration of Eu(TTA)3 and the 
temperature sensitivity. The maximum temperature sensitivity occurs at a concentration of 160 mg Eu(TTA)3 in 1 g PVB, 
while the maximum temperature sensitivity appears at a concentration of 360 mg Eu(TTA)3 in 1 g PSMAS. Moreover, a 
pressure sensitivity of 5 × 10−5/Torr was observed for different TSPs, which means the pressure effect is negligible. A 
photodegradation of 5.5%/hr was observed when the sample was continuously illuminated by UV excitation, which can be 
minimized and negligible in the real experimental processes. The experimental results on temperature sensitivity of TSP also 
suggest that Eu(TTA)3 mixed with PSAMS can provide much higher sensitivity than that mixed with PVB in a thermal 
imaging device, and a temperature stabilizer or cooler can be beneficial to obtain high detector sensitivity due to the small 
thermal quenching effect. 
Finally, the general conclusions are given out in Chapter 5. In the present dissertation, a novel optical readout infrared 
thermal imaging device using Eu(TTA)3 phosphor was proposed, developed and evaluated. An Eu(TTA)3-based TSP and a 
vacuum-evaporated Eu(TTA)3 film were deposited as the temperature sensitive medium using the standard MEMS techniques, 
respectively. The temperature coefficients of luminescence intensities from them were also measured. The thermal imaging 
detector arrays using the two temperature mediums were also fabricated and evaluated. The thermal image of human body was 
successfully obtained using the free-hanging detector array with the Eu(TTA)3 film and an f/0.66 IR lens. Finally, the 
photophycial mechanism of TSP was analyzed by the theoretical exciting/emitting process. The experimental results and 
theoretical analysis proved that the Eu(TTA)3 mixed with PSMAS can be used to improve the detector sensitivity due to its 
high temperature sensitivity (i. e. −5%/oC at 20oC). Detector cooling or a temperature stabilizer can restrict the thermal 
quenching process, which will be also beneficial to the improvement of temperature sensitivity of the phosphor. The property 
improvement of TSP can be used for making more sensitive thermal detectors. 
 
 
